Aim-To improve the diagnosis of culture negative endocarditis by diagnosing cases due to streptococci and enterococci. Method-Serum samples were immunoblotted against extracts of the commonest streptococci and enterococci. They were selected from patients with a cardiac murmur, persistent pyrexia and at least three negative blood cultures. The presence of patterns of endocarditis species specific antigenic bands was measured and correlated with clinical outcome. Results-Negative serology was found in 28 patients where the diagnosis of endocarditis was rejected or, if proved, staphylococcal, yeast, Gram negative, systemic lupus erythematosus, due to Q fever or Chlamydia psittaci or nonbacterial thrombotic. Positive serology was found in 27 ofthe 34 patients where the response to antibiotics suggested streptococcal or enterococcal infection. In 22 of these there was objective evidence of endocarditis. Positive serology was also found in three offour further patients with vegetations at necropsy. Conclusion-The identification of patterns of antibody response on immunoblotting can be used to make a specific diagnosis of streptococcal or enterococcal endocarditis in the absence of positive blood cultures.
Prior to the development of antibiotics, infective endocarditis was universally fatal with patients dying within a few months of diagnosis.' The advent of antibiotics and valve replacement surgery along with our ability to isolate the specific micro-organism by blood culture has led to a reduction in mortality to between 14 and 46%. 2 However, there remain patients with active endocarditis where repeated blood cultures are negative. The incidence ranges from 2-5 to 31 %.3 One important cause is the prior administration of antibiotics. This reduced the incidence of positive blood cultures in patients with documented streptococcal endocarditis4 and was more likely to have occurred in patients with culture negative rather than culture positive endocarditis.56 Exclusion of these cases and the handling of blood cultures in an experienced laboratory has led to a revised incidence of culture negative endocarditis of approximately 5%. 7 The diagnosis ofculture positive endocarditis has been confirmed by a variety of serological techniques measuring antibody. These have either demonstrated a raised total antibody as with immunofluorescence,89 indirect enzyme linked immunosorbent assay (ELISA)'l0' and counterimmunoelectrophoresis"2 or characterised individual patterns of antigenic bands by immunoblotting. '3-5 The latter is species specific for Enterococcus faecalis, Enterococcus faecium, Streptococcus mutans, Streptococcus bovis, Streptococcus pneumoniae, Streptococcus agalactiae, Streptococcus sanguis, and Streptococcus lactis.""5 This presents the possibility of detecting the same patterns of antibody reactivity in the serum of patients with culture negative endocarditis (CNE). This would lead to a more precise laboratory diagnosis and the initiation of! appropriate antibiotic therapy or the continued search for another cause of the pyrexia.
The definitive diagnosis of endocarditis is dependent on the demonstration of vegetations on a heart valve at surgery or necropsy or a peripheral embolus. 7 Recently, a secondary set of clinical criteria has been developed.'6 This consists of major criteria (positive echocardiogram and typical blood culture) and minor criteria (predisposition, fever, vascular phenomena, immunological phenomena, suggestive echocardiogram, and suggestive microbiology). There are also patients with a fever, cardiac murmur and negative blood cultures in whom the diagnosis of CNE is queried by clinicians. This can occur in the absence of objective clinical signs of endocarditis and a negative echocardiogram.
We examined serum samples from such patients as well as those who have objective evidence of vegetations, demonstrated by a peripheral embolus, a positive echocardiogram, surgical excision, or necropsy. They were immunoblotted against extracts of streptococci and enterococci to test for the species specific, endocarditis specific antigenic bands listed in table 1 . These were derived from previous work. 4 1517 The entry requirements for the present study were persistent pyrexia of greater than 38°C for at least five days, a cardiac murmur and a minimum of at least three negative blood cultures. The patients were then subdivided according to their final clinical diagnosis. This took into account evidence of vegetations such as positive echocardiograms, 
Immunoblots
Proteins were transferred onto nitrocellulose paper in a buffer containing 25 mM TRIS, 192 mM glycine and 20% methanol (pH 8&3). Transfer was performed at 25°C with a current of 500 milliamps for 30 minutes in a transphor cell (LKB Laboratories). Free protein sites were saturated by incubation in 3% bovine serum albumin (Sigma, Poole, Dorset, UK) in buffered saline (0-9% NaCI and 10 mM TRIS (pH 7 4)) at 40C overnight. The nitrocellulose membrane was then incubated at 25°C for two hours with each patient's serum diluted 1 in 10 in 3% bovine serum albumin and 0 5% Tween 20 in buffered saline. After washing five times for 30 minutes in 0 9% saline and 0 5% Tween 20, the nitrocellulose was incubated for one hour at 25°C with alkaline phosphatase conjugated anti-human IgM or IgG (Sigma). The conjugate was diluted 1 in 1000 in 3% bovine serum albumin in buffered saline. After washing as described above, the nitrocellulose was incubated for 15 minutes at 25°C with buffer (100 mM TRIS/HCl, pH 9-5, 100 mM NaC1, 5 mM MgC 12) containing a mixture of 661l/10 ml of nitroblue tetrazolium (NBT 50 mg/ml in N, N-dimethylformamide 70%) and 33,l/10 ml of 5-bromo-4-chloro-3 indolyl phosphate (BC1P 50 mg/ml in N, N-dimethyformamide 70%). The The patients in group 1A failed to fulfil the necessary criteria for a diagnosis of endocarditis7'6 and have been excluded from this analysis. Cases 54 (group 3) has also been omitted. This is due to the lack of response to antimicrobials, the absence of antibody and the sterile culture of vegetations at necropsy making it impossible to define the case as a true or false negative. There were no false positives. Having made the above assumptions, the sensitivity of the test was 85%, the specificity 100% and efficiency 91%. The dissection of the antibody response in endocarditis by immunoblotting was originally applied to cases due to E faecalis. 3 4 This not only confirmed the high level of species specific antibody but introduced the concept that the presence of antibody against specific antigens could distinguish between a bacteraemia and a bacteraemia complicating endocarditis. Individual E faecalis antigens have been cloned, sequenced, expressed, and used as the basis of an indirect ELISA for measuring this specific antibody. 22 23 The concept was then applied to other streptococci. ' The series also reinforced the significance of antibiotic therapy before taking blood cultures. In the 30 cases where serology suggested either streptococcal or enterococcal endocarditis, prior antibiotic therapy had been given in 14.
This agrees with the findings ofother authors.`6
It revealed a series of six patients (cases 8, 32-35 and 52) where the causative agent was thought to be S pneumoniae. This would indicate that infection of the heart valve was present during the original illness. Its subacute nature and the administration of sublethal concentrations of antibiotics meant that it had slowly progressed to present as CNE several months later. In case 23 the association between S bovis endocarditis and a large bowel neoplasm was seen27 with the original diagnostic clue being the positive antibody titre against S bovis on immunoblotting.
The current management of CNE is based on the empiric use of either penicillin or ampicillin in combination with gentamicin.2' This regimen is effective against streptococci, some enterococci and most organisms in the HACEK group. Outcome has been correlated with response to this therapy. In 52 patients with CNE 92% of the patients who became afebrile after one week of antimicrobial therapy survived, compared with 50% of the patients who remained febrile after one week (p<002).6 Immunoblotting serum samples against extracts from the commonest streptococci and enterococci provides a way of making a positive diagnosis in a proportion of these cases. and enterococci. streptococci negative endocarditis caused by
